The presence of biexponential tMDCs is suggestive of an expanded extracellular space, which in brain lesions in chronic multiple sclerosis may be found in the presence of pronounced axonal loss.22
Magnetisation transfer imaging Contrast in conventional MRI mainly results from differences in relaxation times and proton density of mobile (free) water protons; however, there also exists a pool of water protons tightly bound to macromolecules such as proteins and lipid membranes, which, by virtue of their very short relaxation times, are essentially invisible on MRI. By exploiting differences in the resonant properties of the free and bound protons, it is possible to saturate selectively the bound pool. As bound and free pools are in rapid equilibrium with one another this has the effect of reducing the signal observed from the free protons. The magnitude of this effect, the magnetisation transfer ratio (MTR), is therefore an indirect indicator of the amount of macromolecular structure present per unit volume.24 The MTR is greater in white matter than grey matter; it is reduced within multiple sclerosis lesions, 25 28 and the degree of reduction shows some correlation with disability. 26 Experimental models suggest that the myelin lipid bilayer (and particularly cholesterol imbedded within it) may be a major determinant of magnetisation transfer within white matter.29-31 The MTR reduction may therefore reflect myelin loss. In Wallerian degeneration MTR is increased in the first 10 days, possibly reflecting subtle structural changes in the myelin sheath; as degeneration continues MTR falls below the baseline value. 32 We have applied these MRI techniques to the optic nerve to see if we could shed further light on their pathophysiological correlates.
The optic nerve is a useful model as it is commonly involved in multiple sclerosis (optic neuritis) and subserves a single class of functions which can readily be measured. Conduction can be assessed with the pattern reversal visual evoked potential (VEP), which is often abnormal in multiple sclerosis. 33 (table 2) .The MTR showed a strong correlation with VEP latency (r = -0-554, fig 3) . T2 did not show significant correlation with any of the measured VEP variables; it did correlate weakly with MTR (r = -0-413, P < 0 05). not undertake axon counts, so it is impossible to say whether demyelination itself or concomitant axonal loss was the main determinant of visual dysfunction. To our knowledge, no study has quantified optic nerve axonal loss in optic neuritis, nor correlated it with vision. Examination of the retinal nerve fibre biscussion layer at the optic disc gives an indirect meapplication of MTR and tMDC analysis to sure of axonal loss although more than 50% of ie optic nerve in vivo has not previously been neural tissue in a given area must be lost ported. We experienced a number of techni-before a defect is visible.39 MacFadyen et alt0 1 difficulties in implementation. The small found defects in retinal nerve fibre layers in ameter and mobility of the nerve and its 50/114 eyes from 57 patients with definite, 'oximity to the bones of the orbit and optic probable, or possible multiple sclerosis sugtnal make it difficult to obtain high resolu-gesting that extensive axonal loss is common; it )n, high signal to noise ratio (SNR) images is not possible to tell from their data whether ithin a clinically acceptable time period. there was any correlation with visual acuity, lithout local multiarray surface coils, which although seven of eight eyes with acuity of oduce higher SNR in the region of the optic 6/12 or worse had defects in retinal nerve fibre rve than conventional quadrature head layers. ils, it is doubtful whether the study could We found both T2 and MTR to be abnorve been performed. The multiecho images mal after an episode of optic neuritis. There ;ed to generate tMDCs in particular pro-was, however, no correlation of either with iced low SNR images requiring image pro-vision. This could be taken as evidence that ssing to correct for the effects of noise. The neither is pathologically specific; equally they sultant tMDCs always had a significantly could be specific for pathology that does not tter fit with biexponential than monoexpo-affect those aspects of visual function meantial functions. This is expected, as we sured in this study. 
